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I. 


INTRODUCTION 




The Avionics Engineering Center has been conducting research in developing a 
low-cost Loran-C receiver for general aviation use. During this time there have been 
several Improvements made to the initial low-cost receiver design produced at Ohio 
University. The most recent improvement involves the use of a phase- locked loop oscilla- 
tor to track the Loran-C signalsl ^ At the present time this receiver appears to be a 
promising candidate for a low-cost Loran-C system. 

The purpose of this paper is to describe the preparation and procedure of a flight 
test conducted with this receiver and also to show that such a receivei is a viable alter- 
native for future work in developing a low-cost Loran-C navigat. r. 


II. OBJECTIVES 

The first objective of this flight test is to navigate along u line of constont time 
difference using the output LOP deviation indication of the Mini-L PLL receiver. The 
results of this test could then be compared to the theoretical path that was chosen. In 
this way it could be shown that the Mini-L PLL receiver is capable of providing guidance 
information along a predetermined path. Also, the results could demonstrate the possible 
path deviation that would occur with the position information provided by the Mini-L PLL 
receiver. 

The second objective is to determine the general flyability of the receiver ^data 
collection package. This would involve the evaluation of the method with which the 
LOP data is displayed to the pilot. 


III. FLIGHT TEST PROCEDURE 

The flight test was conducted in a Piper Cherokee 1^0. The pilot was R.W. Lilley, 
J.P. Fischer was the navigator and J.D. Nickum was the equipment operator. The 
navigator was seated in the copilot position, the equipment operator was seated behind the 
pilot and the equipment pallet was placed in the seat behind the navigator. 

The aircraft was positioned on the romp in front of the Avionics Engineering Center 
hangar at the Albany airport. The flight test software and Mini-L receiver were initialized 
before the aircraft engine was started. After the aircraft was started and idling on the ramp 
the softwar* was initialized with the time and the software auto-logger was started. This 
auto-logger will record In memory' the time differences arid a modified GRI count after every 
1200 GRI's (approximately every 2 minutes). 1^1 The RUSTRAK chart recorder used to chart 
the TD'*, was also started before the aircraft began to taxi. After the receiver was in sync, 
the Mini-L PLL receiver never lost lock. It continued to track the Loian-C through the 
entire flight (The receiver battery is seperate from the computer battery). The Minl-L 
receiver showed no difficulties in tracking the Loran-C during the flight. The Loion-C 


; 


lecrptlon In thr olr wm quite good even for the distant Nontucket slave. 


After all the equipment was checked for proper operation the aircraft taxlesf out 
to takeoff. Runway ?4 was I'sed with o left turn after takeoff to head toward Pomeroy, 
Ohio. 


Ihe plan upon arrival at Pomeroy was to fly over o predetermined londmork 
several times and nsanually take data with the computer. After nuiklng three passes 
over the deslgrsoted larxfmaik the aircraft woa rolled out on a heading along the desired 
flight path (LOP 67950). Initially, there was wrme confusion about whot commontf sense 
the LOP deviation Irsdicator was showirsg. On the flight from Pomeroy to Huntirsgtorr, W. 
Vo. the LOP deviation Indicator wos operating In the revr’rse sensing mosfe. After this was 
.ecognired the rest of the flight to Huntington progressed uneventfully. In the vicinity 
of the Huntington oreo there seemed to be a uibstantial Increase In the Ixickground rwise 
on the Loran oscilloscope monitor, ffuntirrgton Is a highly Irsdustriol area and It Is possible 
thot, due to this heavy Industry, the electrical rrolse might be higher in this area than over 
an unpopulated area. The Might over Huntington was at 5500 ff. MSL. This relates to 
approximately 47(X) ft, AGL In the Huntirsgton area. 

After fsossirsg Huntirsgton a 180*’ turn was mode about 3 miles south of the TrI-State 
airpi'rrt. The LOP was then Intercepted for the return trip to Pomeroy. Purirsg the return 
the software began Intermittent execution. It was determined that the computer system 
Ixittery voltage was low ond aixsut to fall . An effort to dump the dato memory In the 
computer to cassette tope ended in partial success. The flight from Allxirry to Huntington 
arsd a return of alsout 15 ntlles was actually saved on tape before the computer failed. The 
flight was continued to Allxiny. The Mlni-L PLL receiver continued to function with no 
problems during tfie entire flight. The receiver rsever required any attention except to 
monitor Its performarsce . 

For future flights a Ixittery with a higher capacity has been oL>tained and should 
provide a longer flight time thon the Isattery used for this flight. 

IV. LOTAN CONFIGURATION 

Figure 1 shows a map of Loran-C lines -isf -position (LOP'sT over an areo which was 
used for flight doto collection. Ihe LI.S. Lost Cosist (9930) chain Is used in this case, with 
the Nontircket to Cope Fear and Darsa tc> Cope Fear pairs select»*d .1*^1 As may be noted, the 
LOP for poir Z (Oarxi - Cape Fear) Is vers' neorly a straigirt line over the oreo of interest. 
Irsdeed, this area is located almost half-woy between the master arsd station Z. Also, the 
signals should be strorsg because of the relatively srTsall distances Involved arxT the station 
power levels. |4I Again referring to Figure I, It may be seen that the secorsd LOP Is 
nearly ortfsoQonal to the Dana polr. TTie large crossirsg arsgle assures that a sr'will change 
In position along the Dano LOP will cause a maximitm change in the time differersce reading 
fvsr the Nontucker pair, which allows a l>ettor estirrrotlon of location. 
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It It helpful to boar in mind tbe effoct of dittanco from a trantmittor on tb* 
occuracy of a TD roodlng. 1^1 Gonorally, wbon oporotlng furtfior than 300-400 km. from 
a Loran ttation, tbo byporbolat or* rtot woll dofinod and tbo offoct of propagation delays 
it more significant. |6»71 For tbe particular cate being considered here, it would be 
•Kpecteil that TO readings from pair Z would be fairly reliable, while Hiose from pair Y 
would be lest reliable; tbit it compounded by tbe fact that tbe tigrxil level from Nantucket 
It much weaker than Dana and it more subject to tkywove contomlrKition. It bat been 
observed in tbe lab (tee Figure 7) that tbe variation in TD readings for pair Z it 7-3pt 
while tbe variation for pair Y can be at much at 10 pt (atuiming tbe effects of tky waves 
are small, gerterally true durirtg daytime hours). 

Crott-rate Interference it often responsible for variations in TD reodings, particulorily 
for weak sigixilt. When observing a TD reading over a period of one hour or more, it may 
be noticed that there it o cyclic varlotlon In tbe reading because of strong cross-rote inter- 
ference. ^Vinaging tbit problem it usually considered to be up to tire receiver; based on 
statistics, it may be possible to nrodel tbit effect and correct for it. 

Brirsging tbe above considerations together, it could be expected that a worst-case 
condition might result In Loran readings which a>e one-half to one kilometer In error. 

• 

Absolute accuracy it rK>t one of tbe pr^me considerations for this test; rather, it it 
desired to fly oicng a strong LOP and relate TD reodirsgt taken In the air to various check- 
points on the grourtd. Since the pilot will be trying to center a needle while in flight, and 
including cross -rate interference^ a slight sinusoidal flight path could be anticipated. 


V. CHOOSING A FLIGHT PATH 

Summarizing the alv»ve discussion, the LJ.S. East Coast (9930) chain will be usel^ for 
the flight arnilysis. The station pairs to be used ore Y (Nantucket) and Z (Darxi). The test 
will be made alorrg an LOP for pair Z. The discussion will now center on methods to choose 
LOP's and mop them. 

A Loran-C chart 1^1 will provide information on the geometry of available LOP's over 
on area of Interest. From the chart, an estirrKite nray l>e made us to which range of LOP's 
for pair Z should be used. A sectional aviation chart 1^1 is then consulted to locate areas 
where good landmarks may be obtained. Good lotxhiKirks include nKijor road-highwav 
Intersections, large industries, schools, orxT buildings, or points along a river. 

Now that a particular area has been selected, it is desirable to irtap Loran time dif- 
ferences on this area. By ciroositrg various points on the trrop, the correspondirsg time 
differences m^ be found by the use of mathematical ) M calucations or computer pro- 
grams. |d,7,l7' To map an LOP, one pair is selected as corrstant, the other LOP is 
incremented l>y a fixed amcumt, and the cortespotrdirsg gectgraphic coordirxites ore computed 
|3,I31 plotted. Figure 3 shows a flow-chart designcrd for this procedure; a correspc'*ndirsg 
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Figure 3, LOP Mapping Flowchart. 
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Figure 5. System Block Dii 


computar program It shown In Appandix A. Tha program It datignad to that many LOP't 
may ba plottad to giva o battar choice of which ona to uta. 

For plotting LOP't on tha tactlonol mop, It It only nacattory to plot two or thraa 
points and draw a llna through tham. At mantlonad aarliar, tha LOP for pair Z It almost 
a straight llna. Onca thata LOP't ara plottad on tha tactlonol, thay ara axamlnad to 
saa If thay pats avar or naar good landmarks. In soma catat, It may ba rsacastary to 
odfutt tham tomawhot to os to covar mora landmarks. To obtain grfjtar datall, thata 
coordlrtotas may than ba plottari on a topographic map, such at thota publlthad by tha U.S. 
Gaological Survay. A topographic mop with a tcala of 1 :24000 wot utad ar>d shows mony 
good land datailt. An example of on LOP plottad on tha topographic rnop It shown In 
Figure 4. 

VI. AIRCRAFT CONFIGURATION 

Tha aircraft configuration Included In a craw of 3 and tha Loran-C equipment pallet. 
Tha Loran-C system description as configured for this flight Included tha following. 

The receiver used the aircraft ^DF antanryj. The preamp vras not placed directly 
at the antenna terminals. A short piece of RG-58 coax cable connected the antenno to the 
preamp. The coax length was approximately 1 .5 meters. Tha preamp used was a higher 
gain version of the one used in the lab tests. The approximate gain Is 30 dB. The receiver, 
computer, cassette tape recorder and RUSTRAK chart recorder are all mounted on a small 
pallet which can be secured sideways on oi a of the aircraft seats. The system battery pack 
and arsother cassette recorder, used for voice recordirsg, were placed on the floor of the 
aircraft. The lines of position (LOP) deviation Indicator was positioned under the throttle 
pedestal so that the pilot could see it. A block diagram of the system it included in Figure 
5. 


VII. DATA REDUCTION 

During the flight several different schemes are used to record the data collected 
during the flight. The first method Is the ability of the flight test software to record two 
time differences and the clock time the TD's ore recorded. This data is saved in RAM 
memory and later, after the flight, is transferred to cassette tope. 

The second method is that the two least significant digits of both TD's are charted 
on o RUSTRAK chart recorder. This allows on immediatelyvisible record of the flight track. 

The third data recording method is o data planning Recording form. This form, 
shown in Figure 6, can serve two purposes. First, the flight is planned using this form. 
Landmarks are chosen and written in before the flight. Second, durirtg the flight if a doto 
point is taken manuolly the time and data point number (DPTn) is recorded on the form 
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Figure 6 . Flight Plannitig Form. 
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Figure 8. Flight Test Data From 370. 
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A tnHill I V.^GRAN pivtgmm wiittpn Kt ppitoim thp timp colcolotion oiul to output thp iloto 
it pt\tviilpil oivl littpil in thp V^ippnillx P. I igiop 7 oiul H thow thp output fiom thit puHiiont 
uting thp Joto collpctpj iluiing thp flight tp\t . Ihp timp iliffpipncpt wpip thpn utPil hy o 
lv*ion-C to Gpi'giophic lonvPition piv'guim vshiih thpn iplotpt thp l.oion-C timp Jiflpipiupt 
to lotituilp onil lon^iitiulp . Ihr tptulting iloto wpip thpn plottpil on o Cincinnoti 

Spctioiurl, I iguip 9. In thit figuip thp dottPil linp it thp ilptiiPil tiock, thp tolhl linp it 
thp lonm-C gpiHVophic iloto futm thp flight tPtt . Ihit only ippiptpntt thp iloto ipi ohIpiI 
on thr I'omriov tv> lluntiiuiton Ipii of thp (light. Ihp loigp ilpviotlon fivtm thp ifptiipil tiock 
touth ot I’omprov, oUnit ? ,5 milpt, tvot ili'P to thp initiol conlution oU'ut thp inilii oting 
trmp o( thp ifpsiotion iiulicotiM . Inltiolly It wot hpllpvpil thot thp I OI’ ilpviotiim 
iitilicotoi wot iliipct tpntiiHj thpiphy cautiiH] thp flight to tiock owov horn thp ifptiiPil tiock. 
•\ftpi thit wot ilitcovpipil iH'tr thp coiiPition hock to thp ifptiipil tnu k . I oi thp iptt of thp 
flight thp ifptiiPil tiock ililfpipil liom thp octuol tiock hy iv moip tluin oUtut onp milp. 

Ihp LOI' Jpviotion Inilicotiti, ot tpt-up loi thit flight, pioviifpt o |plt right imlicotion 
colihiotPil ot 1 10 full tcolp. At It tuinpil out thit it o much tint tpiuitivp trolp foctoi . 
Alh', ilup to thp lock of ony ttotitficol tmoothiiuj of thp low loion-C iloto thp iitilicotoi hot 
• I »ry high tomplp-to-tomp|p ilpviotion mtp coutiitg pilot conlution ot to thp vollility ol 
thp trocking infoimotion piptpntpil in thp thoit tpim tpntp . Alto, iIup to thp vltworr 
olgoiifhm thpip oip involiil l\^l’ ifpvlotlon imlicotioin whpn thp lomn iloto it gipotn thon 
i I0^l^ from thp ifptiiPil tmck . Ihit thowt up ot o npoily on-4mck Imlicotion. Sinco It 
wtit hoppti thot thp oiicioft wv.i'lil hp on tnu k oi npiu Piv igh thot thit conilition wtuihl not 
occur, or it wouhl hp ohvlout thot It it occuiing, thit comlition wm occpjtfpil . lutuip 
plum incluifp chongpt in thp utftwoip olgoiithm which piptpnft iloto to thp K''!' ilpviotion 
iniliiotoi to coiiPit thit pnthipm. 

I iguip 10 it thr ihoit irii'iilpi output ol thp (light. Ihr flight tptt iloKi hpvjint in 
fioni ot thr hongoi ot Alhony oigtoit. Ihit It thown ot thp Ixtttom lplt ol thr flguir. 
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Figure 11 . Albany Area Map 


Th« flight progresses up the chart arsd then down to the Lxsttom right of the figure and to 
the top again. Figure 11 it a part of tfre topographical mop used to plot the landnsarit. 

The data points (DPTnT on Figure 1 1 are the uime otset referred to in Rguret 4,8,9, 10. 

The flight poth wot flown with reference to the M-Z LOP at 67950^* intteud of 
the 67954 LOP plotteif on the mopt becaute of a foirly constant -4^,» differetsce between 
the calculateif Loran LOP of the receiver and the geographic to Loran computer program. 
Keferrirsg to Figiire) ) data points 10, 1?, IS ore paints taken directly over the larsdntark 
shown In the circle. The LOP's In this area are nearly orthogorsal . The pair that provides 
the east”to-west position information it M-Z. This pair is the strorsgest of the two used 
duritsg the flight. The M-Y pair wlilch gives the iK*rth-south position Information is u 
mucit weaker pair with much tkywave contamination In the Y sigrKil . Sirsce the signal from 
Y it weaker the receiver would L>e expected to sample later in the waveform. This would 
provide the irnTication that the actual LOP is farther from the pair than It actually it. 
Examirsotion of Figure 4 it it seen that the E-W position It very close to correct. The N-S 
pcssltion it south of the correct position whic’.s is what would be expected if the receiver 
wot sampling late on the weak sKition. Since the positioning gssal of this receiver deve- 
loped here at Ohio LIniversity is a position error of about 1 mile, It apfseors that with the 
data shown, this nsay be available with the curieirt receiver. It will definitely requite 
much HKsre infc*rmation to evoluate the actual accuracy of the Minl-L PLL receiver. 

Flgiire II is the topographical map for the Albany Airport area. The some shiftirsg 
effects rKsted before are ogain present here. DPT 1 was taken In front of the hangar on the 
romp. The position is shifted south-west of the ach'al position with respect to the M-Y 
LOP pair. The position Information from the ottrer pair is closer but this is only one data 
point, which ccsuld be tsoise-contomitKifed on a sirsgle sanple Ixisis, 

The data collected consist of recorded time differences. Each of tFese time dif- 
ferences mav I'e converted to its corresporvfitsg geographic coordinates using techniques 
discussed earlier. Once the coorvTinates are computevi, they may be processes! by the 
compsiter In such a nxinner so thot they may I'e plottes! on o graphic plotter. The com- 
puted siata points moy also bo plotted on a mop as shsswn in Figure 1 1 . Appendix E shssws 
a FORTRAN program which may be uses! to process the flight data aru! plot th^s residts. 

This program reads in the time differences and places them in tables which are then sent 
tc* the plotter. Bsises! ssn this ptv>gmm, otlrer pasgrams may l>e written to, for example, 
read the recorsfes! time differences, convert them tss gectgraphic csx>rdirmtes, place these 
Cssordirsates In tables arx! plot the results. All c*f these prssgrams use the staruHarx! pis'tter 
subroutirses which are available on the IBN! System 370 in itse at Ohio Llrrlversity . 

Figstres 12,13, and 14 shc*w the results of usirsg this procosluto to plot various arrange- 
ments ssf flight s!ata . Figs'te 12 is simply the is!esil flight course, plotted for comparison 
piuposes. Figure 13 shows a plot of the actual LOP flown with time difference Z as the de- 
perrdent variable otv! time difference Y as the irKfepeisdent varioble. An interestirsg point 
to rnste here, is the resemblonce of this graph to that of a damped sinuKsid. The initial wide 
excursion from the mean (the mean is plotted in Figure 121 irrdicates the flight crews' 

"catchirsg on" to the sensing o>’ the meterirxi system. Tliereafter, the deviation from the mean 
is much less. 
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Figure 14. Mini-L KIM 1 Flight Check Actual Flight Path. 




A ftnt glanc* of Figure 13 may suggest a poor performarKe at flyirsg an LOP. 
However, an orxilysis of Figure 14 gives a somewhat more forgiving result. This is a plot 
of position with the longitude vs. latitude. Here it may be seen that even at the worst 
deviation from the mean, the actual displacement is about two kilometers. The excursions 
irsdicated to the left of Figure 13 and the tower right of Figure 14 are the passes made at 
the beginning of the trip over the first checkpoint. The location of the checkpoint is 
midway between the looping lines. 

Using the computer orxi the mechanical plotter to graph flight test results saves 
much manual labor. Steps are currently being taken to make it easier to lood the flight 
test data from the microcomputer to the IBM 370. Also being planned are new computer 
programs for plotting data on starsdard size mops for easier analysis. The use of a comput- 
ing facility greatly reduces the time arsd work required to reduce arsd anolyze flight test 
data . 
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Cl 

I M i 1 I ) - ^ , i c , ^ . 

Cl sC* 

Cll=C* 

Cl?=C- 
Cl I ..SCI W 
'^0 G ? )=1 , • 

CC < ') :4 ( J) 

I s 
L = ! 

G' '0 i 0 
C/ = A '-i 
C A = A A .« 

G « = A A S 
Cl r = AM ^ 

ci**T^(j)-:<ic)-j.(n)-cni>cnA-oFL(.>) 

G 1 ' S c l .' • 4 

r 1 gr Tai M > - A < I •) ) - H ( M ) -r 1 I J*C 10 7 -DFL» I » 

CJ ’ = C1 *Aa 
C? ':Cl-ri ' 

CCA-:CA 

CC'sC»»C0.> 

Cr7=((C2-CS)*«C?’w-C.?o)4(C^3-C.'‘A)*(CU-CH)) 

C2*=MC?-C5)«<Clt-C-»)*(CS-cS)«(CH-Cll)» 

C3 sC?//C?^ 

C2 -ISC C23-C ?A*C ( C 1-C5 ) ) / ( CP-C2 ) 

* : ■") ’ 3 

c: 3 -rM/.>)-c ( 10 )-L ( n )-:iji ♦cioa-?el (2 ) 

C 1 7 r C 1 . A A 

Cl “s r u 1 ) - .!( n ) - m( 1 1 ) -cic 7 *ci 3 A-ncL( 1 ) 

G 2 2 s C ’ ■< . 4 A 


L0R01G60 
LOR31670 
L0»0 1600 
LOR01690 
L0»01 "^OO 
LORO I 710 

L0RG17P9 

LORG1730 
LOROl 7A0 
LOROl 790 
L0®01760 
LOOOl 7 70 
LOROl 790 
L09''. 1 ;90 
LO« G 1 «00 
LOROISIO 
LOR01-<P0 
LOP019 33 
LOROISAO 
LOOOIMSO 
LOROl S60 
LOR01B70 
LOROIRRO 
LOR''1«90 
LOR"1900 
LORO1910 
LOR019?n 

LOR01930 
LOR019AO 
LOROl 790 
LOR01960 
LORO 1970 
LORO 19H0 
LORO l'»90 
L9P02C00 
LOR0201 0 
LOROP020 
LOR02030 
LOROPCAO 
LOR02090 
LOP'120*»n 
LOR 020 70 
LOROPORO 
LOR0PO90 
L0P02100 
LOROPl 10 
LOB0P120 
LORnPl 30 
LOROPl AO 
L0»0?150 
LORO? 160 
1 OPPPl 70 
LOB ^2 1 H J 

LOPOPl ^0 
LOR02P00 


•IL£ ; 


i 

1 s? 

- r 
» 1 ; 

■'71- 

: - r 
n\ ’ 

’71 

JT 1 

1 3 . 

I 

^ s 3 , 

^ -it* 
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'“«< i=ci-:i ’ 


C2 '^:C 7-C22 

C27s(C?«(Cr5-C?<»/*C2i»(C^*CJ>*C'^‘'C2A-C!S*C25) 
C^>*=(r2,(C<,-C9)*t3.(CH-C5» *C5 *c 7-C« *C6 > 

C3' =C.? 7/C?-* 


•(C5-Ca) )/(C5-C2) 

C3i-»A5.A4*(i,r-Mn))/(i,^-Ain*r(3)«E(3n**i.s 

C 3 3 = ( C 3 •. / C 3 1 ) 


C*‘‘ = (-C2n/<C32*:»A) )) 
P « ! ) =C( I ) *C 33 
^ ^ C ^ 9 


okiouhM.^;^. 


"3 7 - 


0'I7 ^SlO'i ^cTU»:j ro 01 STANCE-PE A9 TN'3 *»OUTINE. 

!► ' 1-37 ( I ) .\r , ! ^^( 1 ) )GD TO 7713 

!*" M iS; (2 ) .* P . I ,’u( J » )G0 TO 7713 

IP ' -jSt .S .' { 1 )-? Vr.( 1 ) ) .0’’. J . 1 )r,0 TO 7713 

I’"' ".S7» . 'r.<2)).0T, ),1 ).-,c TO 7713 

! - “ ! : ) = : 0 A ( : ) • ! c 

® • I •. 3 '2 

-•0 n 

JNT I ,J" ITc.G' AT lOr.^, 


? • ’712 ■^ 71.? 

T-l) = ' , 3 
Or« ^ > :<i . • 

3S‘" '') =r‘« 1C*) 

I : s .' < * ) r I , r ( *• . > 

ITr'. = iTi 

!F MTr’.LT.!M)3w TO -i > 

= •< . JT i 

'^0-'-.*.T( ♦ n: SOLo'IIO'JM 
*■•0 T) 

• M ) *P( 1 ) 

O'-*'! ?)-Cl2) 

*'■ 0 A -4 A 1 ,•1=1,2 

-'= J •'*. ( '' ) /-<0 
1 w 3 ( '^ ) = y 
'■wo-l 12 ( -.) 

0*L;7W-rw3 
f „''=n«'0 •60. c 
M'-) = A3S(Pyy) 

IPMwO(1))A‘*20,At3C,4m 
Ty'"''1) = U0CM-l 
GO TO ‘*f“* . 

I ^ ( M 1 = I . .3 ( V ) ♦ 1 


LOR02210 

La«»0?2?0 

L09*)2230 

LO»0??AO 

L0«022'30 

L0902263 

LO«»3?P70 

L090P2PO 

•-OP02290 

LO«»0?3''9 

LOP02310 

L0902320 

L0'»n2339 

L0«n23«»0 

LOR0P350 

L0902360 

L0902370 

LOP02390 

L0O02390 

L090?<*e0 

L090PA10 

LO<»0?A?0 

LOB02A 53 

L0BC?A<*9 

L09??<*50 

L0992A60 

L09 02A 70 

L0O02AP0 

LOP 02 A90 

LOPr.2590 

L0fi'’25l0 

LOR02570 

LOP0*»530 

LOPi'P'^AO 

LOPOPSOO 

LOP02560 

L0902570 

LOP025HO 

L0O0259Q 

LOP02690 

LOP02610 

LOP02620 

LOR00630 

L090 26A0 

LOR02650 

LOR02660 

LOP02670 

L09026PO 

L0*<0'»690 

L0902700 

L09 02710 

LOP02720 

LOR02750 

L09027AO 

L0902750 
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1 


GiJ TO <i]j 

m 

- C -LC »LA r I Jf, Or INVtf^SE 

■*' i Ab'' = -:cf2) 

A u .=-*(?) 

CTSsA*)'*-**," 

C^^ = A;. ' (C «'. ) 

IF / - I >«= -1 f ‘A'c f vr.2 
^ r ai =2. ’•PI-.*'*, 

•.j ’0 5 

6'1 Vlt = C'n 

Sr IF ( a U)T3o.‘j''7,«k^ 

*'p7 Aib=c. n3r>''o« 

Al ■'sSI\’(Al^) 
il ? -C f Al - > 

)*CC(i) 

A^c =E» M«CC(7) 

IsAl ♦♦A2''*A 1 • 

A2?=((AW*:C(7)).«i'*(:c<ft)*E(7)-E(G)*CC(7)*A18)**2)**0.*: LORO? 9*5 0 



A2 M2 ;*;i 7) /A?* 

LOR029G3 


A 2 * s 1 . - A i I * A 2 ^ 

L0'»02'770 


A2' “Aw<?:„^:''2) 

LOR02aR0 


A25 = A2‘: .A2* 

LOR02990 


A< 7=1 .C/A?? 

L0O05003 


A a - = A •> 1 / A ? a 

LORO 3410 


A^^^r A?4 'A?4 

LOR03020 


AJ':c'.‘i*.*.2‘^)4Al-j*{A‘jl*u?2-A52«A?6*A2M 

LORO 3430 


A31=A’H.(ftM*A'*5«45?*A22*A2l*A5?*A2'*A28) 

L0»0304n 


A i M M ? . A 1 « . < - At ^ . A ? 1 . \ 2 2 ) 

LOR03030 


A 5 - A? > • < a5h. A ?5)* A!jh« A21 • A 22- A52* A2b* A 28- A‘j''« A22*( A2l • • V) ) 

LORO 3060 


A3<. = .M>.A'’<,»(A‘=‘>»A?<i«A2''4A5?*A??bA21*A?1) 

LORO 30 74 


A 3 j r ( *, « 1 ♦ A * 1 ♦ A 32 ♦ A 5 ' * A 5 4 ) • A- • A 4 

L0R030O4 


A3‘:a<*. -!.A2^,)4il^*(-A«i2«42?-Al4*A14*A2F*A27) 

LOR05090 


fM = A'»<.M-A57.&?.,4&5c'*A22*A?l^A14*Al4*A2f*A28) 

LORO 3100 


Ai- = ( A!f,4AiT).A?„4Al/-, 

LOR03110 


A i 7 = s : •. ( A ' - ) 

LORO 3120 


A*«: :C'1'A’r) 

L0R031 30 


A‘.l = {CC(ti)*C(7)-M4C*L(S)«CC(7n/(A3l*CC(M) 

LOR43140 


!F '.Ml )Tl i,50 », = iO 

LORO 3150 

5- a 

Ah:=J.'-.(. .'5(5 

LORO J160 

51 

A 4 ? = 1 . 1 / A H 1 

LORO 31 70 

» 

A4» = ATAj(A4'') 

LORI 31A0 


IF<C3M5l5t5l4,5i4 

LOR43190 

R 1 

IF ( - 33- -'ll 511, bU *512 

LOR03200 

511 

IF M41 >321.521 ,3tl 

L0R4321 0 

5? 

A s 3 r P ! ♦ •. 4 3 

LOR03220 


'••0 TO 521 

LOB03230 

51 ' 

IF ( Ah 1 > >1 (,514 

LOR03240 


IF ( 3 ♦ 1 ) = ’ 1 «bl 1 ,315 

LOR43250 

•^l- 

1 F < H 1 > 1 ( , •) 14 , -j : f* 

LOR4 5260 

5’ 7 

A H M ;M - ■ 4 ’ 

LOR03270 


TO 32! 

LOR432RO 

51- 

A 4 3 ■: 2 . I • • 4 ' 

LORO 3290 

5?; 

A4'-Ah»4.»' 

LOR0330O 
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L0R0RO40 
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TF C--*3)’i22.'23.?*3 
'2 Ah 3 ;Ah 3 *« , »c j 

AH'isC <<; Uh ; ) 

A<*«>r A Se 3<*H 

TF (-S» (u) )52R*51 j,52R 
b ! i A H / = li . 

'A ”0 G-/ 

3?H IF'A4‘i-ijj,:)52Gt52F*S?G 

3‘>*: 44 A = j51 /4<,o*'’2^'^3» AHA 

'“•ij TO r.r/ 

'24 44 ■' = 4 1 /44<,4A2^A3 . 44f, 
A4 AsA3-:/A4 
G 2 r *»j 

ni 6 . I iO :2 
ST ' = 
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LOR23311 

L0R1332a 

L0903330 

L0R‘?3343 

LOROSSSO 

LO’OSSGO 

LOR03370 

L 0 R 033 O 3 

L0»03390 

L0»'’34')3 

L0R134n 
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L0R03430 
L0«>95440 
LOB'5 3450 
LOR03460 
L0R03470 
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B. Data Produced by LOP NVipping Program. 




‘’.1 


: TOY S 5W2l.G0i. T)2 S 67-^‘i4.'^lU 1 

LATITUDE = -9 16 ‘♦2.bi 

LUNG I TUDE s . 1 <♦ 7 <*6, 39 

? TJY = 5!7 51 .00'.. TD2 = <.795<,.:dq 9 

LtTITJDE s ;9 5 3, •51 

LOT.ITJDE - . 1 ‘*5.22 

3 TTY ^ 3 37‘»1.G0‘ T^Z = S77-3O. 300 3 

LATITJJC = ‘9 H ?<*.‘*1 

LDNGITvJDF = M <*9 '*'*.22 

*♦ thy s 53751. CJw TDZ t 07954. 033 4 I 

LATITUDE = :9 13 15.14 

longitude = i.l 50 ‘*!.‘*3 

5 T"»Y s 53761. nC. T^Z = 67754.313 5 

LATITUDE = .-9 12 5.76 

LONGITUDE = :l 31 42,01 

6 TOY = 5 37 71 . CO. TDZ = 67934. 003 6 

LATITUDE = .*9 n 56. ?7 

LONGITUDE = i 1 32 42.25 



7 T1Y = 35701. nCi TDZ = 67954.000 

latitude = ;9 9 46.61 

longitude = ( I 35 41.85 

6 TOY = 53791. C3l TDZ = 67754,1)3 

LATITUDE =.98 36.91 
LONGITUDE = Ll 54 41.62 

9 TOY = 558(11. 03i T1Z = 67954. JOO 

LATITUDE = 9 7 27,33 

LONGITUDE = 1 55 41. 6J 

10 TOY = 35611. 1U! TDZ = 67954.310 

LATITUDE = .96 17,05 

LONGITUDE = t I 56 41.64 

11 TOY = oJS’l.OOi TDZ = 67934.013 

LATITUDE =.95 6.96 

LONGITUDE = » I 57 42,31 

12 OY = 33651. 3Gv TDZ = o7954.C30 

LATITUDE = 3 56.65 

LONGITUDE = * 1 58 42.3“ 

15 TOY = 55641.00- TDZ = 67954.0)0 

LATITUDE = .9 2 4b. 28 

LONG I 1 UDE = i 1 59 42.97 

14 TOY = 53631. (,01 TDZ = 67954.110 

LATITUDE = J9 1 53.73 

LONGITUDE = (2 0 43.76 

15 ^)Y = 53661.00. TOZ = 67954.030 

LATITUDE = Z9 3 25.05 

LONGITUDE = *2 1 44.75 ob. 


7 


9 


9 


1 1 


11 


12 


1 3 


14 




15 



L0N6I TJ3E * . 2 

2 

1 7 

toy s b04m,3C. 
LATITJJL s 

•jH 


LJvOITJOE s ,.2 

5 

1 < 

T3y 3 b^H^ucOi 
LATITJJE 8 .4 

56 


'.ONr, iroOf 3 ,2 

4 

1 ♦ 

t )T 3 b'-Atl.CJ 
LATITUJE s /H 

bb 


L.)4(lITJ3t 8 :2 

5 

?J 

T‘>Y 3 53-7U.001 

LATlT'jOE 8 -rt 

b4 


LOViTTJOr 3 1,4 

S 

21 

toy 3 5 3'«2l .00, 
L3TITJJE 8 *4 

b A 


LONG I TUOr 3 1 4 

7 

t 

T^T 3 3* 'll. )b 
LATIUIJ*: 8 S 

‘'2 


LONJl T JOE 8 > 

6 

2 ' 

T 3 r 3 5 J 4 1 . 4 •;! 1 

LAT I T JtJt 8 .< 

*>3 


LONG I ij or 3 , 4 

‘1 

24 

T 4 Y 3 3 • «i M . : 3 j 
L4TITJJC 3 4 

49 


L 3NS I T J )^ 8 , ’ 

! 1 

25 

r iV 3 b !‘»hl . JO* 



1 3TI r jor r 

4h 


L 3 N J 1 r J 3 f. 8 .2 

12 

2b 

T 'Y 3 j'>71.J,t. 

LATITjnr 3 H 

4 7 


L3\3 I Tj )T 8 .4 

13 

. 7 

T » Y 8 b ' 4 M 1 . c 0 t 
L AT : T tJE 8 ^ 

4b 


LONG I TJ'Ot* 8 ,2 

14 

2f< 

JOY 3 b»'»ni,rc. 
L\TITJJ«- 3 *H 

4 4 


L )N*. I TJ3E 3 ,4 

lb 

2 » 

T 4 Y 3 b 1 . : .) 1 

LATlTJUf 8 \ 

43 


IJNGnj'TE 8 ' 4 

lb 

3 . 

^ >Y 3 bH' n ,L3i 
LA TIT JOE 8 

4 2 


LONG iTJOr 8 ■> 

1 7 

M 

T. y 8 121 .01, 

LATITUOr 8 .rt 

4l 


L0NGITJ3E 8 ,2 

Irt 

'2 

TOY 3 54301,3*0, 
LATITliJE 3 .s 



TO/ = \7 

7, J? 

TO/ s f,M -.<*,000 H 

T 5 t> 7 oi-* , : : j i«» 

•♦0 . H » 

*>)./•♦ 

r 1 .’ = f, 7 • . no ? 

? *.0 ^ 

*) 1 . '» » 

T''/ = M7*n<i,03J 21 

1 7, n 

*.4. -'I 

T ■»/ 3 s7‘*«i«i.0)3 22 

^ . I O 

‘JU. 

T V 3 s 7 n 4 . 3 J } T, 

S4.2 1 
•JJ. 70 

T >/ 3 <,7* j4 . JCO 2*. 

4 I ' 

1.4' 

TO/ 3 f.7'0 4.J3 0 ?S 

2 •» . K 

4. >2 

T )/ 3 #.7 33 3 :>(, 

17,4' 

7,1/ 

T)/3b7l34,C30 2 7 

1 'J . i I 

r 3/ 3 b7<'‘<4.C00 2 < 

•S > . I ♦ 

I '» . ) 1 

T 3/ 3 s 7 n4 . m ’I 

^ *.2 ’ 

1 7.7 \ 

T’/ 3 t.7‘^34,330 j: 

•> f. . 0 •< 

2 I .»> 7 

T 3/ 3 b7''b4.0f'3 51 

1 2. 7«) 

/‘J.d ' 

Ti3/ 3 S7754.0 3J '2 

•S *. ’b ~33- 


UIUOINAL J’ACiK U> 
UK FOUR gUAun 


53 

'"■'Y 5 3<i:<*i.aK 


T V 2 

♦.7854,330 

55 


LATTTJOt* S >5 

58 

85.8- 




LONir, f r J s 1 ? 

PI 

58, 6<. 



»<* 

T.jy = .QT. 


T o.» r 

67 *j8,01J 

58 


L 5 T I T J'JE s .H 

5/ 

31. SO 




LOMj 1 IJTF s 1 ? 

PI 

3 >,57 



55 

T^r 2 'j4 1f,l,33. 


T )2 2 

67858,033 

55 


LWITJJC 5 8 

5b 

1 T,4 > 




LOT. ITJJF s ■» 

22 

•♦8,67 



'h 

TOY : a<*: 71 .'•'Jt 


TOJ 2 

6 78 18 ,030 

56 


LATITJO: s M 

55 

5,22 




LONCil TJOE s • ? 

25 

8 <* . 88 



»7 

TOY = b'*'* n .r ’ 


T Y2 ; 

6 7 458 , :oo 

! 7 


latitjj*: = h 

53 

8 .8 . 6 H 




LO^^iITJ^^ s i? 

2k 

55.6. 



5‘> 

t'y = j<*:, n.oc: 


TT2 2 

67758, O', 3 

5 7 


LiTITJJt: = « 

52 

3 5. >2 




LnN.lITJil = j2 


1 .'o 



5‘j 

T )Y = 'j4lOl,tC- 


T02 2 

6 7818.330 

57 


LArirjjE = 

51 

1 8 , 8> 




LOr'.ITJOr 2 r? 

27 

7,86 




toy 2 


TJZ 2 

67758.310 

83 


LATITJ'JF 2 'H 

5C 

5,83 




uT^OITJOr 2 1? 

28 

1 5,8.< 



‘♦I 

T"»Y 2 fiAlPl.C:* 


T02 2 

67758.000 

81 


LATITJOE 2 8 

*»d 

8 8 , 8 < 




LON:. ITj jr 2 .? 

28 

>0.67 




7'Y 2 3^151. CU' 


roz 2 

67758.030 

82 


L5T.TJJE 2 ■« 

‘'Y 

32.88 




LONGITJOt 2 

5 0 

27,52 



<• ^ 

T'n 2 


T02 2 

6 7 754.003 

8 5 


L'TITJOt 2 .H 

?b 

Id. 8? 




L INGI TJOC 2 . > 

31 

58, ♦ 1 




T U 2 .CO 


T02 2 

67 754 .'♦13 

84 


L4TITJJE 2 

2 b 

l.dO 




L')N‘. ITjir = . 7 

52 

■♦ 2 . 2 7 




TY 2 a^lfel.or. (, 


107 2 

6 >858. 303 

41 


L.TirjTF. 2 .'8 

25 

88,58 




L O.yG 1 r JJL = i 2 

53 

5'».16 




TOY 2 ‘3^171. r,3! 


T07 2 

6 7858 .300 

86 


LATl T llTF 2 .M 

22 

2 7.71 




LONwOI T JOF 2 .2 

58 

56.22 



kl 

TOY 2 5<»181,0'J' 


T07 2 

67958.033 

4 T 


LATITJJl 2 ^8 

21 

11.12 




LONvO ITUOF 2 t-2 

56 

6 , <45 



HH 

toy 2 3<*iyi.CCL 


TOZ 2 

67938.000 

8 6 


LUITJOl 2 M 

18 

3 8,16 




L O.MGI TJDE 2 . ? 

3 7 

15.11 
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•• 1 


•S3 


l^t • 3**cUl«'. *U 


lifc S 

LiTITiJE * 

IH 

3 j. 

lO‘^*»ITJ3C s .2 

SH 


T?Y s 


TJ2 S 47^ J<*,33 » 

LATITJDt s 

17 

1 ».: * 

L )N“ I T JOt • • 2 

'9 

3 ’^.b . 
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T*-TS f'ROGRAR WILL PROVIDE A DCCO**ENTABLE ^:CORO 
CP T»-l CATA TA^E^ DURING A FLIGHT AS RrCCPOEC 
MEPCRv. 

Thr FOPR CF The cltplt is as fcllcws: 


G»I COUNT 


TDA 


TO® 
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ThP SRI CCLNT IS CNE COUNT FCR fVERT 1 f LCRAN 
:<=!. 

pRTNTINc is completed when The next pFCOFD read 
prOR ram is all /EROS /ONE RECORD !S 9 PYTES). 

Tt-IS PRCGRAK dEGlNS READING RECORCS AT MEPCRY 
LCCiTICN AND CONTINUES UNTIL THE 7 EP 0 

orrof-c IS »EAO. 
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1 s 
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fc ss 

C' 
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j'S 

0 

1 7 
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f n: 

ir'S 

• 

1 . 

• fx B r 

■ • w 



C'jF F 

ESS 

s 

’ *> 
4 

- ^ ^ r 




C»C 

Tf-tJO 0 

<• 1 




• 

I(.r -3 

RCGR^fc 

4 ' 




* 



*♦ I 

' r. ■ r 

", > 



r ^ r 


u t. 

.p“i 

• ^ 

M . 

C A 


LCA 

= T 1 A 

A', 

rt s 

3 t 

S ! 


ST a 

aOPT ♦! 


• 9 >• c 

: ^ 



LDA 

= ro 

•4 ^ 

- - .7 

C p 

•s'* 


ST A 

AC^T 

Ur 

j 7 t; 


EA 


ST A 

END 

u'i 

0 *• ' » 

A* ^ 

C ^ 


S T A 

NU*'P 

•. • 

'C 

JS « 

■51 


LHA 

= C 1 

C 1 

0 H 'C 

4 a 

S! 


ST A 

’.’U*'P ♦ 1 

b f 

u-Il 

A ^ 

•• r 

L*R 


LEV 

-S9 


I^IS IS T*^F SCRATCH FAC MEMCRY FO» THIS PROGRAM, 


STARTS here. 

CLEAR decimal flag 
SET rPT ADDRESS 
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'■HF : wL* 'E:lC IMCI.T c 


Cfic UMVCJSlTy 4 VICMCS CNGINCfRINC CENTF*? 


C ( 

t •• : : 2 XI 1 H 


c: 

n « 

-■•7 1 . ca 


- 1* 1 ^ A : 3 1 

4 7 

•rj^ i5 «: 

*: *■ 

-i: ?: IF 

5-* 

CPP3 Cr 


C P ** 1 ^ « 1 

h ’ 

c “/ ! 7- t J 

^ * 

w -?b 2 : ?» j t 

». * 

* -;«» ;• Jit jf 

f. 4. 

. -PC 1 • 


» n a; > 

, 4F 

■ - ? F a <■ : « 

1 <■ 7 

*• M = : 5 ? 

' t 5 

•li'J r. ^ Kr 

s- 
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Lf*1 '"e *>4 

7’ 

) - • a 4 c Hi c e 

7' 

t p • y -a r * 

» » 

. * * C . R * 4, 

7w 

* •* - 1 ; • 

T « 

' -72 c • 

7* 

. ■ 7 • 1 ' r ; 

7 7 

1-75 ! 

7 w 

• 4 ^ \ u r fj 

»c 

. 4 « F R R 7 

F'' 

C - 7 a |j <j 5 « 

^ 1 

0-hC 4V| O' 

h ' 

1 • 7 F 1 5 5 j 


. ■*•0 ►S 5? 

*• •• 

. * f 2 / 5 5 4 

. e 

. r * 4 ' ' t. 

f f 

:-"6 F- K 


* “ * K *7 ; 


'Ltjj t*- i^r 

U t 

• ?■ IE 

t 


*» 1 

i, - R ij o f. j 

C ' 

: - 5 ' : p c 

s ; 

4 - 4 ? : If 


'•,£,7 e,- 

LI (; 

'•’49 , • t t. J f 


1 r'4 C t •> 

^7 

:, ■> 4 i: r 7 » 

<; . 

M P C • F j; 


,.-71 ? 9 L 1 r 

r : 

j . 7 '♦ r, R 5 r 

1 1 

?’ • IE 

1 ? 

y J ' n j 

1 ’ 

C - » a 

■ « 

r a 7 - - c ^ 

• r 

0 -• ’ p ? * ’ c r - 

£ 


7 

: - -: 1 ' 


LOCFl CRLF 

t •» 

*’*'L LOCPl 
LCCFt t'‘y 

I '* * f. t p 
W*® CBTTYT 

I^y 


L" • 

NU*IP*l 


FRTMyT 

I.?* 

5 F aCE 

4.54 

?P'CE 

ftr 




Lo y 

3' n 


LCy 

3 ' 3 

1 OCF? 

ir a 

< ASPT ) 


!T A 

FLFP ,T 


'KE 

CC\T1 


!n: 

r\L' 


^vo 

t:\tk 

com: 

LP4 

*• i 


< T a 

FKT 

rCM ! 

IK V 



i-r V 



-OL 

LC3P ’ 


'■L : 



l:« 

= '9 


arr 

ALOT 


era 

ACPI 


LEA 

= TC 


'CC 

ADFT*1 


“7 A 

A0PT*1 


LE ^ 

EVC 


' vn 

s -9 


-P T 

STOP 


LTV 

= .*c 

Loc- : 

LT a 

■>UFF ♦ V 


w'S» 

FxTPVT 


» K V 



CP < 

S 7 « 


■»^r LCCF^ 
SPaCt 

LOCr** LHA b"FF#y 
k'o »-tJToyT 
IK » 


Cr-w =j(, 

^KF LOCP'* 
SPKCt 

L 03 ?L LTS PUFP,x 
w?P rPT^YT 

IK V 


C V zZH 
i' r LOOP* 
wIP CBLP 

r r « 

• • 


''ir 


V 


OUTFIT CPLF 
LOOP IF OOSITIVC 

o«!KT 


"lOR m-Aury 
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OHIO JNIVC^SITT tN'il VCF^ I\'t CENTT'^ 
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in 
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13 
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19 
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OC all 
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KH 
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*■0 
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1 
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' 

3S 
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n 

3? 
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IS* 
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S i 

AM 

94 

IOC 
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si 
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I3s 
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73 
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L^O-J 1 

'• } 1 j 

3 3 

S-3 





L IS • J 

r. j ! 

*. f 

7\ 





L i 

•SA 

■ » 

'•? 





Llj^i 

. ut 

ii 

S i 





m ’i 

• - Tv 

1 '3 

1 ■'♦ 





L 1 »• . 

'11 

'j > 

ll-i 





?J** * 

' 'S', 
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OUIul,v\L p4(jg 
OK i V i()K gUAUTV 



0 

.IHNOOOlO 


N 1 

.IHNOOOOO 


wum 

.IHNOOO.U) 


i iUiMU //'//./////, / .bX»'lUKAN {' MlliHI IlSI HAIrt') 

.IHN00040 


UK 1 1 1 i A • 4 4 ) 

JHNOOOM) 

•»4 

iDKh.Mv. fiiXi MlliHI iiAii : vn-/u') 

.IHN000k-.0 


UK III 1 %'> » 4 ' 

• IHNOOO/0 


lUKhAM r'.X.'liKi: VV.l I HA • MY* 1 HH - M/'*///) 

.IHNOOOIIO 

1 

UMIL v&*4v>> 

JHNOOOVO 

4 

lOKMAICA. HAIA MUNI ' *HX. 1 1 Ml ' . VX » ' 1 HA ' . VX . ' 1 HH ) 

JHNOOlOO 
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Kl AH » ,l * «»0 ' A • H * 1’ 

JHNOOl 10 

JO 

I JKMAI V' 10.0*1 lO.OfI lO.O) 

JHNOOl.'O 


1* Mi.i ij.,') till in »*oo 

JHNOOlOO 


Mm 10. 'll 

IH.N001 40 


H vA»>.V‘/.a .UsOO.vM I IMl 

JHNOO It.O 


i lUNi UO 

JHNOO 1.-.0 


1 H 1 

JHNOOl '0 


. ' ♦ .'i ' ' . 0 

IHNOOlllO 


H ii'. N) U«) 

JHNOvU VO 


0 'J il 

.UiNOOOOO 


1 ll».->0.v' 

JHNOO.' 10 


U .UN Ml') 

.IHNOOOOO 


Iv 1' il 

.IHNOO.MO 


1 k N M 1 ) 

JHN00040 


1 .'ll UP 

.JHNOO o:>o 


1. v.i MO.:., ) ui) 111 r>o 

.IHN00.’.*,0 


il U 1 t 

.JHNOOO ’0 

0 

: N I ' IP 

.IHNOOOnO 


W'klll ^.*1 »00* N>l*,'.l\*H*C 

.IHNOO.’VO 

>0 

1 iJKM.u k v\ . i‘.i. 4Xt 10, : M 10* ' : M i.',:.\,i '. i .tix.i 7. i > 

.IHNOO.lOO 
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IHNv'O.UO 


,,U Ikl 100 

.IHNOO.lOO 

►’OO 

.MNl INUI 

.IHNOO.KIO 


UKl !. k.S, -til) 

JHNOO.UO 

4tl 

1 .IKM.-U •. . //.' ^ t ////// /'i 

JHNOO.MO 


k n;i 

JHNOO.K'.0 


• JIvmN I ■ I I ill [ 10,1 hf)i^ 


? 1 . U,||I ;i,^iL 

t 9 5 ^8 


.jU 1 .* 993 j my* 

IH!« ‘ M 7 

LiAIh I'l.JNI 

i IMI 

IDA 

4 

1 0 ; 45 : 4 o 

53806 . 0 

* 

io; 5 i: 2 

53010.0 


iw: 53 : 2 

53824.0 


10 ; 55 : i 

’.* 3832.0 


10 . * 56: 60 

53847.0 


lo; j 8:59 

53854.0 


1 J : 0:58 

53858 , 0 


ii: 2:57 

53855 . 0 


Ji: 4 .'57 

' 5 . 1866 . 0 

.:o 

11 : 5:55 

5 . 1862.0 

i : 

1 i : 6 : 56 

53853.0 


j 1 : b : 0 

5 . 1856 . 0 


U: 8. '55 

53859.0 

l A 

1 1 : 10154 

53860 . 0 

• «.> 

J 1 .' 10 .'58 

53857.0 

1 Cy 

•i 1 : 12:53 

53880.0 

. / 

1 . 1 . 14:52 

5 . 1910.0 

iU 

li : 16:52 

53929.0 

J 

: 1 : J / : 4 

’.T 3 932.0 

*• ■■ 

1 J. : 18:51 

53957 . 0 


11 : ie; 5 i 

53957.0 

j' f 

11 . ' 19: 38 

5 . 1966 . 0 

23 

! i : 20 : 50 

5 .J 981 .0 

.'4 

1 1 : 22:49 

51006.0 

■ 

11 .* 24:48 

54031.0 


11 : 26:47 

54057.0 


1 1 : 28 : 46 

54082.0 

..8 

11 : 30 : 4 CJ 

54110.0 

79 

1 1 : 32 : 45 

54135,0 

30 

1 l .' 34 ,' 44 

54155.0 

3 1 

1 1 : 36: 43 

54184,0 

32 

1 1 136:53 

541 8 . 1.0 

3 .-> 

1 1 . 38 .' 42 

54211 .0 

i 

1 1 : 4 o : 41 

54229.0 

3 ., 

1 1 .' 42:41 

54210.0 

.)>r> 

3 

11 : 44:40 

5 4 1 8 1 . 0 

J 1 ; 46:35 

54158.0 

».) ' * 

1 1 : 46:39 

5 4 1 6 1 . 0 

*.'► V 

1 1 : 48: 38 

54140.0 

4 2 

11 : 50: 37 

54116.0 


HA(iB IB 
' yiJALITVJ 

TM( 

677H7.0 
A 7 775.0 
A77V5.0 
A 7037.0 

67oao.o 
A79J5.0 
67V56.0 
A7V3A.0 
A7VA9.0 
A7V54.0 
A 7935.0 
A794U.0 
A79A 4 . 0 

67955.0 

67950.0 

67968.0 

67978.0 

67964.0 

67963.0 

67959.0 

67958.0 

67959.0 

67950.0 

67948.0 

67957.0 

67962.0 

67955.0 

67948.0 

67949.0 

67952.0 

67954.0 

67949.0 

67948.0 

67950.0 

67955.0 

67953.0 

67955.0 
"’956.0 

67945.0 

67947.0 
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Program Listing for Plotting Flight Data. 
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nnn nnn non nnn nnnnr. nnn 


r ~ ' 


I 


c 


MlMENblON HIJFOOOO) »Y< JA) »Z(36) 


|•K(J(iK•AM 10 PLUl ON OKAPHIC PLOTIER FHE RESULTS OP FLIGHT TEST. 
DATASET 12 IS A FILE CONTAINING THE TIME DIFFERENCES TAKEN 
DURING HIE I LIGHT. 

SCALE FACTORS ARE READ IN TO ALLOW ADJUSTING TO DESIRED 
DIMENSIONS. 

DA I ASET 11 CONTAINS DATA POINTS FOR PLOT TER, 


PRINT 5 

5 FORMAT ( 'CENTER SCALE DIMENSIONS.') 
READ A r YLNG TH » ZL NG T H » YS I ZE » ZS I ZE 

6 FORMAT (F 10.0) 

CAL L PL 0 rS < DUF . 20000 r 1 1 ) 

READ < J 2 r 1 ) < Y ( 1 ) , Z ( I ) » I ™ I , .34 ) 

I T URMAI <2F S.O) 

SCALE INPUT DATA 

CALL SCALE" < Y » YL NG T H . 1 2 1 r 1 » 1 0 . ) 

(ALL SCALE(Z»ZLNniH. 121 ,1,10.) 




DRAU AXIS 


ACFOOOlO 
ACF00020 
ACF00030 
ACF00040 
ACFOOOSO 
ACFOOOAO 
ACF00070 
ACKOOOnO 
ACFOOOVO 
ACFOOIOO 
ACFOOllO 
ACF00120 
ACF001.30 
ACF00140 
Acrooiso 
ACT 001 AO 
ACT00170 
ACFOOIOO 
ACPOOIVO 
ACE00200 
ACF00210 
ACF00220 
ACF002.30 


I ALL AXISrl .0, I .0, 'TDY M I CI^OSECONDS 

: ) 

TAIL AX1S( 1 .0, 1 .0, ' IDZ MICROSECONDS 


ACF00240 

”16,YS1ZE,0.0, Y(3S) ,Y(3A) , 10.ACF002S0 

ACF00260 

1A,ZSIZE,90. ,Z< 35) ,Z(.3A) , 10. )ACr 00270 


TilJI DATA (CONNECTING DATA POINTS) 

CALL IT UT< 1 . , J . ,23) 

CALL LINE<Y,Z,121,1,1,1) 

I K IN I HIE HEADING 

CALL PLOT (4.0,8.0,23) 

CALL SYMDOL(0.(),0.0, . 17, 'MINI-L MMl FLIGHT CHECK ', 0 . 0 , 24 ) 
CALL 3YMD0L(9y9. ,999. , .17,21,0.0,-1 ) 

CALL SYMD0L(9V9. ,999. ,. 17, 'ACTUAL FLIGHT LOP', 0.0, 17) 

I IN I SHED I 

CALL |•LnT (0. 0,0.0,999) 

S 1 01' 

I. ND 


AC F 00 2 00 
ACF00290 
ACF00300 
ACF00310 
ACF00320 
ACF00330 
ACF00340 
AC F 00 3 CO 
ACF003A0 
ACF00370 
ACT 00300 
ACF ()0390 
ACF00400 
ACF 0041 0 
ACF 00 4 20 
ACF 00 4 30 
ACF00440 
ACF0()4fi0 
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